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ABSTRACT 

The  Eunctionally  Graded  Material  (FGM)  are  combination  of  ceramic  and  metal  and  hence  exhibit  properties  such  that 
FGM  becomes  suitable  for  the  conditions  where  high  temperature  emironment  is  prevailing.  The  combination  of  the 
FGM  is  governed  by  the  material  variation  which  is  done  by  following  certain  laws  of  material  distribution  such  as 
Power  law,  Sigmoid  law ,  Exponential  law  etc.  The  analysis  of  FGM  under  thermal  and  thermo-mechanical  of  FGM 
structures  is  one  important  dimension  which  has  drawn  attention  of  scientists  in  the  past  few  years.  Thermal  and  thermo 
mechanical  emironment  have  a  big  impact  on  the  bending  response  of  FGM  plate.  Various  material  gradient  functions 
play  a  great  role  in  the  performance  of  FGM.  In  the  current  work ,  the  FGM  plate  is  modelled  using  Finite  element 
method  and  non  dimensional  dejlection,  stress  and  strain  are  calculated  with  the  application  of  three  FGM  material 
gradation  laws  namely  Power-law ,  Sigmoid  and  Exponential  law  functions.  The  results  are  compared  for  various  values 
of  volume  fraction  index. 
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1.  INTRODUCTION 

The  graded  combination  of  ceramic  and  metal  are  called  Functionally  Graded  Material  (FGM)  and  hence  show 
properties  in  such  a  manner  that  FGM  becomes  appropriate  for  the  circumstances  where  high  thermal  conditions  are 
prevailed.  The  properties  of  the  FGM  are  governed  by  the  volume  of  the  material  fraction  which  is  performed  by 
following  distribution  laws  such  as  Power  law  distribution,  Sigmoid  law  distribution,  Exponential  law  distribution 
etc.  The  performance  analysis  of  FGM  under  mechanical  and  thermal  loading  of  FGM  structures  is  one  prominent 
direction  which  has  attracted  attention  of  scientists.  Power-law  distribution  hmction  (P-FGM)  has  been  used  by 
Woo  [l]and  Reddy  [2],  Sigmoid  law  distribution  function  (S-FGM)  has  been  considered  by  Hui  [3].Sigmoid  law 
distribution  hmction  used  two  power  law  distributions  simultaneously  and  hence  provide  smoother  material  volume 
distribution  as  compared  to  Power  law  distribution  to  the  layered  FGM.  While  using  Exponential  law  the  material 
properties  estimated  are  intermediate  to  those  which  are  calculated  using  Power-law  distribution  hmction  (n=0.5) 
and  Power-law  distribution  hmction  (n=2).  Duc  [4]  derived  analytical  solution  in  close  form  of  a  linear  thermo 
elastic  elliptic  plate  rigidly  fixed  at  the  mid-plane.  The  FGMs  are  sensitive  to  the  heat  how  variation  in  or  out  of  the 
structure,  as  compared  to  that  of  the  isotropic  material  structures.  Xiaohui  [5]  concluded  that  the  thermal  field  and 
the  material  gradient  have  signihcant  effect  on  thermo-mechanical  behavior  of  the  FGM  plates.  They  considered 
lateral  strain  and  computed  that  the  additional  deformation  parameters  do  not  increase  when  transverse  normal 
strain  includes  the  thermal  expansion  coefficient  and  thermal  loading. 
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Thermal  and  thermo  mechanical  environment  have  a  big  impact  on  the  bending  response  of  FGM  plate.  Various 
material  gradient  hmctions  play  a  great  role  in  the  performance  of  FGM.  In  the  current  work,  the  FGM  plate  is  modelled 
using  Finite  element  method  and  non  dimensional  deAection,  stress  and  strain  are  calculated  with  the  application  of  three 
FGM  material  gradation  laws  namely  Power-law,  Sigmoid  and  Exponential  law  functions.  The  results  are  compared  for 
various  values  of  volume  haction  index. 

2.  METHODOLOGY 

Thermal  and  thermo-mechanical  analysis  is  performed  for  FGM  plate  made  of  Aluminum  (Al)  -Zirconia  (Zr02).  The 
boundary  condition  for  plate  which  is  used  here  is  simply  supported  at  all  of  its  edges.  The  thickness  of  the  plate  (h)  is 
taken  0.02m.  The  aspect  ratio  (a/b)  is  dehned  as  the  ratio  of  plate  side  lengths. 

2.1  Thermal  Analysis 

Thermal  analysis  is  performed  by  providing  thermal  environment  to  the  FGM  plate.  Temperature  of  100  °C  is  applied  at 
ceramic  top  surface  while  metal  surface  and  all  edges  are  maintained  at  a  temperature  of  0  °C. 

2.2  Thermomechanical  Analysis 

Thermomechanical  analysis  is  performed  by  providing  thermal  environment  to  the  FGM  plate  alongwith  a  mechanical  udl 
(p0)  of  1  MPa.  Temperature  of  100  °C  is  applied  at  ceramic  top  surface  while  metal  surface  and  all  edges  are  maintained  at 
a  temperature  of  0  °C. 

The  analysis  is  performed  for  various  values  of  the  volume  haction  exponent  (n)  in  Power  law-FGM,  Sigmoid 
law-FGM  and  Exponential  law-FGM  e.g.  for  pure  ceramic  (n=0),  pure  metal  (n=oo),  P-FGM  (n=2),  P-FGM  (n=0.5),  S- 
FGM  (n=2),  S-FGM  (n=0.5)  and  E-FGM.  The  results  discussed  in  non-dimensional  parametric  form  i.e.  non-dimensional 
dehection  (  =uz/h),  non-dimensional  tensile  stress  (  =ax/p0),  non-dimensional  shear  stress  (  c=axy/p0),  Strain(ex)  and 
Shear  strain  (exy)  where  ‘uz’  is  dehection,  ‘a’  is  stress.  Finite  element  method  has  been  used  to  model  the  FGM  plate  in 
ANSYS. 

3.  RESULTS 

3.1  Effect  of  Aspect  Ratio  (a/b)  in  Constant  Thermal  Enyironment 

Non  dimensional  parameters  are  computed  when  the  FGM  plate  is  subjected  to  constant  thermal  environment  of  100  °C  for 

various  values  of  aspect  ratio  (a/b).  Non  dimensional  parameters  are  depicted  in  tables  1,2, 3, 4  and  5.  Graphical 

comparisons  have  presented  in  hgure  1,  2,3,4  and  5. 

The  observations  are  as  follows: 

•  Maximum  dehection  for  P-FGM-n2  (ll3  =  0.55)  is  found  to  be  greater  than  that  of  S-FGM-n2  (^3  =0.35).  Also 

dehection  for  P-FGM-n0.5  =  0.4)  is  found  to  be  more  than  that  of  S-FGM-n0.5  (lls  =0.24)  (table  1).  The 
dehection  shows  increase  up  to  aspect  ratio  2  and  constant  nature  aherwards  (hgure  1). 

•  Maximum  tensile  stress  for  P-FGM-n2  (°x  =  43.3)  is  found  to  be  greater  than  that  of  S-FGM-n2  (^=40.1).  Also 

tensile  stress  for  P-FGM-n0.5  (°x  =  27.9)  is  found  to  be  less  than  that  of  S-FGM-n0.5  Cx  =31.1)  (table  2).  The 

tensile  stress  is  showing  sharp  rise  up  to  aspect  ratio  1  and  decrease  aherwards  (hgure  2). 
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•  Maximum  shear  stress  for  P-FGM-n2  =  512)  is  found  to  be  greater  than  that  of  S-FGM-n2  (asy=478).  Also 

shear  stress  in  case  of  P-FGM-n0.5  (Uxy  =  430)  is  found  to  be  less  than  that  of  S-FGM-n0.5  (CTay  =438)  (table  3). 
The  shear  stress  is  showing  sharp  rise  up  to  aspect  ratio  1  and  gradual  decrease  aherwards  (figure  3). 

•  Maximum  strain  (ex)  for  P-FGM-n2  (ex  =  1.09)  is  found  to  be  greater  than  that  of  S-FGM-n2  (ex=1.01)  (table  4). 

The  strain  is  showing  sharp  decline  up  to  aspect  ratio  1  and  sharp  decline  aherwards  (figure  4) 

•  The  maximum  shear  strain  (exy)  for  P-FGM-n2  (exy  =  18.04)  is  found  to  be  greater  than  that  of  S-FGM-n2 

(exy=17.7)  (table  5).  The  shear  strain  is  showing  sharp  rise  up  to  aspect  ratio  2  and  gradual  decline  aherwards 
(figure  5). 

•  Maximum  deAection  for  E-FGM  (ll3  =  0.51)  lies  in  between  P-FGM-n2  (lls  =  0.54)  and  P-FGM-n0.5  (^3  =  0.34). 

Similar  trend  is  also  observed  in  case  of  tensile  stress,  shear  stress,  strain  and  shear  strain  where  the  value  of  these 
parameters  for  E-FGM  is  found  to  be  in  between  P-FGM  n2  and  P-FGM  n0.5. 

3.1.1  Non-Dimensional  DeAection  (ii^) 


Table  1:  Non-Dimensional  DeAection  (u^)  Under  Constant  Thermal  Enyironment 


a/b 

a/h 

Ceramic 

(n=0) 

P-FGM- 
n  0.5 

S-FGM-n 

0.5 

P-FGM- 

n2 

S-FGM- 

n2 

E-FGM 

Metal 

(n=oo) 

0.16 

8 

0.02 

0.01 

0.01 

0.01 

0.01 

0.01 

0.02 

0.2 

10 

0.03 

0.02 

0.01 

0.02 

0.01 

0.02 

0.04 

0.25 

12.5 

0.05 

0.02 

0.02 

0.03 

0.02 

0.03 

0.05 

0.5 

25 

0.19 

0.09 

0.06 

0.13 

0.08 

0.12 

0.2 

0.75 

37.5 

0.35 

0.17 

0.1 

0.23 

0.15 

0.22 

0.37 

1 

50 

0.49 

0.23 

0.14 

0.33 

0.21 

0.3 

0.52 

2 

100 

0.76 

0.36 

0.22 

0.5 

0.32 

0.47 

0.8 

3 

150 

0.81 

0.39 

0.24 

0.54 

0.34 

0.5 

0.86 

4 

200 

0.83 

0.4 

0.24 

0.54 

0.34 

0.51 

0.88 

5 

250 

0.83 

0.4 

0.24 

0.54 

0.34 

0.51 

0.88 

Figure  1:  Non-Dimensional  DeAection  (u7)  Under  Constant  Thermal  Enyironment. 


3.1.2  Non-Dimensional  Tensile  Stress  (oy) 


Table  2:  Non-Dimensional  Tensile  Stress  (ax)  Under  Constant  Thermal  Enyironment 


a/b 

a/h 

Ceramic 

(n=0) 

P-FGM-n  0.5 

S-FGM-n  0.5 

P-FGM-n2 

S-FGM-n2 

E-FGM 

Metal 

(n=co) 

0.16 

8 

4.6 

16 

17.8 

24.8 

22.9 

21.7 

7.1 

0.2 

10 

4.6 

16 

17.8 

24.8 

22.9 

21.7 

7.1 

0.25 

12.5 

4.6 

16 

17.8 

24.8 

22.9 

21.7 

7.1 

0.5 

25 

4.5 

15.8 

17.6 

24.5 

22.6 

21.4 

7 

0.75 

37.5 

4.4 

15.4 

17.1 

23.9 

22.1 

20.9 

6.8 
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1 

50 

8 

27.9 

31.1 

43.3 

40.1 

37.9 

12.3 

2 

100 

3.9 

13.7 

15.2 

21.2 

19.6 

18.6 

6 

3 

150 

3.6 

12.5 

13.9 

19.4 

18 

17 

5.5 

4 

200 

3.3 

11.4 

12.7 

17.6 

16.3 

15.4 

5 

5 

250 

2.9 

10.2 

11.4 

15.9 

14.7 

13.9 

4.5 

Figure  2:  Non-Dimensional  Tensile  Stress  (u,..)  Under  Constant  Thermal  Enyironment 
3.1.3  Non-Dimensional  Shear  Stress  (etvv  ) 


Table  3:  Non-Dimensional  Shear  Stress  (ff  TV)  under  Constant  Thermal  Enyironment 


a/b 

a/h 

Ceramic 

(n=0) 

P-FGM-n 

0.5 

S-FGM-n 

0.5 

P-FGM- 

n2 

S-FGM- 

n2 

E-FGM 

Metal 

(n=oo) 

0.16 

8 

286 

325 

332 

391 

362 

369 

303 

0.2 

10 

302 

343 

350 

412 

382 

389 

320 

0.25 

12.5 

317 

360 

367 

433 

401 

409 

336 

0.5 

25 

358 

407 

415 

489 

453 

462 

379 

0.75 

37.5 

375 

425 

433 

511 

473 

482 

396 

1 

50 

378 

430 

438 

512 

478 

487 

400 

2 

100 

357 

405 

413 

487 

451 

459 

378 

3 

150 

333 

379 

386 

455 

421 

429 

353 

4 

200 

315 

358 

364 

430 

398 

406 

333 

5 

250 

300 

341 

347 

409 

379 

386 

317 

0  2  4  6  8  10  “ •“PFGMn0.5 


— ^SFGMn0.5 

_ ASPECT  RATIO  (a/b) _ 

Figure  3:  Non-Dimensional  Shear  Stress  (o7v)  Under  Constant  Thermal  Enyironment. 


Strain  (ex) 


Table  4:  Strain  (ex  xl000)  Under  Constant  Thermal  Enyironment 


a/b 

a/h 

Ceramic 

(n=0) 

P-FGM-n 

0.5 

S-FGM-n 

0.5 

P-FGM- 

n2 

S-FGM- 

n2 

E-FGM 

Metal 

(n=oo) 

0.16 

8 

1.63 

0.46 

0.86 

1.09 

1.01 

0.73 

1.69 

0.2 

10 

1.63 

0.46 

0.86 

1.09 

1.01 

0.73 

1.69 

0.25 

12.5 

1.62 

0.46 

0.86 

1.09 

1.01 

0.73 

1.69 

0.5 

25 

1.62 

0.46 

0.85 

1.08 

1 

0.72 

1.68 

0.75 

37.5 

1.6 

0.45 

0.84 

1.07 

0.99 

0.72 

1.67 
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1 

50 

1.29 

0.37 

0.68 

0.87 

0.8 

0.58 

1.35 

2 

100 

1.52 

0.43 

0.8 

1.02 

0.94 

0.68 

1.58 

3 

150 

1.47 

0.42 

0.77 

0.98 

0.91 

0.66 

1.53 

4 

200 

1.41 

0.4 

0.75 

0.95 

0.88 

0.63 

1.47 

5 

250 

1.36 

0.39 

0.72 

0.91 

0.85 

0.61 

1.42 

Figure  4:  Strain  (exx!03)  Under  Constant  Thermal  Enyironment. 


Shear  Strain  (exy) 


Table  5:  Shear  Strain  (exy  xl000)  Under  Constant  Thermal  Enyironment 


a/b 

a/h 

Ceramic 

(n=0) 

P-FGM-n  0.5 

S-FGM-n  0.5 

P-FGM-n2 

S-FGM-n2 

E-FGM 

Metal 

(n=oo) 

0.16 

8 

15.85 

10.34 

11.7 

13.67 

13.4 

12 

16.66 

0.2 

10 

16.72 

10.91 

12.3 

14.41 

14.2 

12.66 

17.58 

0.25 

12.5 

17.55 

11.45 

12.9 

15.13 

14.9 

13.29 

18.45 

0.5 

25 

19.83 

12.94 

14.6 

17.1 

16.8 

15.02 

20.85 

0.75 

37.5 

20.72 

13.52 

15.3 

17.87 

17.6 

15.69 

21.79 

1 

50 

20.92 

13.65 

15.4 

18.04 

17.7 

15.84 

22 

2 

100 

19.74 

12.88 

14.6 

17.02 

16.7 

14.95 

20.75 

3 

150 

18.44 

12.03 

13.6 

15.9 

15.6 

13.97 

19.39 

4 

200 

17.43 

11.37 

12.8 

15.03 

14.8 

13.19 

18.32 

5 

250 

16.6 

10.83 

12.2 

14.31 

14.1 

12.57 

17.45 

_ 

25 

O ) 

20 

^ _ - 

X 

15 

<  ro 

cc  o 

10 

1—  1-1 

(/)  X 

5 

C£ 

0 

< 

LU 

X 

10 

ASPECT  RATIO  (a/b) 


— CERAMIC 
-*-P  FGM  n2 
-*-S  FGM  n2 
— •— EFGM 
10  — P  FGM  n0.5 

— SFGMn0.5 


Figure  5:  Shear  Strain  (exyxl03)  Under  Constant  Thermal  Enyironment. 


3.2  Effect  of  Aspect  Ratio  (A/B)  In  Constant  Thermal  Enyironment  Under  Mechanical  Load 

Non  dimensional  parameters  are  computed  when  the  FGM  plate  is  subjected  to  constant  thermal  environment  of  100  °C 
and  a  constant  udl  of  lMPa  for  yarious  values  of  aspect  ratio  (a/b).  Non  dimensional  parameters  are  depicted  in  Tables 
6,7, 8,9  and  10.  Graphical  comparisons  have  presented  in  figures.  6,7, 8,9  and  10. 
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The  observations  are  as  follows: 

•  Maximum  deAection  for  P-FGM-n2  (uj  =  9.71)  is  found  to  be  greater  than  that  of  S-FGM-n2  (u^  =9.27).  Also 

deAection  for  P-FGM-n0.5  (u^  =  7.96)  is  found  to  be  less  than  that  of  S-FGM-n0.5  (u^  =8.59)  (table  6).  The 
deHection  shows  increase  up  to  aspect  ratio  3  and  constant  nature  aherwards  (figure  6). 

•  Maximum  tensile  stress  for  P-FGM-n2  (a^  =  534.5)  is  found  to  be  greater  than  that  of  S-FGM-n2  (a^=500.6).  Also 

tensile  stress  for  P-FGM-n0.5  (o^  =  438.7)  is  found  to  be  less  than  that  of  S-FGM-n0.5  (o^  =475.2)  (table  7).  The 
tensile  stress  is  showing  sharp  rise  up  to  aspect  ratio  1  and  decrease  aherwards  (figure  7). 

•  Maximum  shear  stress  for  P-FGM-n2  (a^  =  874)  is  found  to  be  greater  than  that  of  S-FGM-n2  (a\^=842).  Also 

shear  stress  in  case  of  P-FGM-n0.5  (o^T  =  779)  is  found  to  be  less  than  that  of  S-FGM-n0.5  (o^T  =815)  (table  8). 
The  shear  stress  is  showing  sharp  rise  upto  aspect  ratio  2  and  constant  nature  aherwards  (figure  8). 

•  Maximum  strain  (ex)  for  P-FGM-n2  (ex  =  5.67)  is  found  to  be  greater  than  that  of  S-FGM-n2  (ex=5.31)  (table  9). 

The  strain  is  showing  sharp  rise  up  to  aspect  ratio  1  and  sharp  decline  aherwards  (figure  9). 

•  Maximum  shear  strain  (exy)  for  P-FGM-n2  (exy  =  32.38)  is  found  to  be  greater  than  that  of  S-FGM-n2  (exy=31.13) 

(table  10).  The  shear  strain  is  showing  sharp  rise  up  to  aspect  ratio  2  and  constant  nature  aherwards  (figure  10). 

•  Maximum  deflection  for  E-FGM  (u^  =  9.37)  lies  in  between  P-FGM-n2  (u^  =  9.71)  and  S-FGM-n  2  (u^  =  9.27). 

Similar  trend  is  also  observed  in  case  of  tensile  stress,  shear  stress,  strain  and  shear  strain  where  the  value  of  these 
parameters  for  E-FGM  is  found  to  be  in  between  P-FGM  n2  and  P-FGM  n0.5. 

3.2.1  Non-Dimensional  DeAection  (wj) 

Table  6:  Non-Dimensional  DeAection  (tQ  Under  Constant  Thermo  Mechanical  Load 


a/b 

a/h 

Ceramic 

(n=0) 

P-FGM-n  0.5 

S-FGM-n  0.5 

P-FGM-n2 

S-FGM-n2 

E-FGM 

Metal 

(n=oo) 

0.16 

8 

0.01 

0.02 

0.02 

0.02 

0.02 

0.02 

0.01 

0.2 

10 

0.02 

0.03 

0.03 

0.04 

0.04 

0.03 

0.02 

0.25 

12.5 

0.05 

0.06 

0.06 

0.07 

0.07 

0.07 

0.05 

0.5 

25 

0.62 

0.47 

0.49 

0.58 

0.58 

0.55 

0.63 

0.75 

37.5 

2.03 

1.42 

1.51 

1.74 

1.69 

1.64 

2.09 

1 

50 

3.9 

2.64 

2.84 

3.24 

3.13 

3.06 

4.03 

2 

100 

9.59 

6.31 

6.8 

7.71 

7.37 

7.27 

9.95 

3 

150 

11.53 

7.54 

8.14 

9.21 

8.79 

8.69 

11.97 

4 

200 

12.06 

7.87 

8.5 

9.61 

9.17 

9.07 

12.52 

5 

250 

12.19 

7.96 

8.59 

9.71 

9.27 

9.37 

12.66 

Figure  6:  Non-Dimensional  DeAection  (u^)  Under  Constant  Thermo  Mechanical  Load. 
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3.2.2  Non-Dimensional  Tensile  Stress  (tr^) 


Table  7:  Non-Dimensional  Tensile  Stress  (ur)  Under  Thermo  Mechanical  Load 


a/b 

a/h 

Ceramic 

(n=0) 

P-FGM-n  0.5 

S-FGM-n  0.5 

P-FGM-n2 

S-FGM-n2 

E-FGM 

Metal 

(n=oo) 

0.16 

8 

18.4 

13.2 

29.7 

64.4 

53.6 

32.2 

17.5 

0.2 

10 

75.7 

33.1 

50.5 

86.4 

74.6 

53.4 

71.9 

0.25 

12.5 

21.7 

63.2 

82 

119.9 

106.5 

85.4 

120.6 

0.5 

25 

200.5 

247.2 

274.6 

323.7 

300.7 

281.9 

190.5 

0.75 

37.5 

343.1 

383.5 

417.3 

474.2 

443.6 

428.4 

325.9 

1 

50 

400.8 

438.7 

475.2 

534.5 

500.6 

488.8 

380.7 

2 

100 

339.7 

375 

408.4 

462.3 

431.2 

423.1 

322.7 

3 

150 

324.4 

358.6 

391.2 

444.2 

414.1 

405.5 

308.2 

4 

200 

323.3 

357.2 

389.8 

442.8 

412.7 

404.1 

307.2 

5 

250 

322 

356.7 

389.2 

442.3 

412.3 

403.7 

305.9 

Figure  7:  Non-Dimensional  Tensile  Stress  (u  t.)  Under  Thermo  Mechanical  Load. 
3.2.3  Non-Dimensional  Shear  Stress  (et^.) 


Table  8:  Non-Dimensional  Shear  Stress  (tT^)  Under  Constant  Thermo  Mechanical  Load 


a/b 

a/h 

Ceramic 

(n=0) 

P-FGM-n 

0.5 

S-FGM-n 

0.5 

P-FGM- 

n2 

S-FGM- 

n2 

E-FGM 

Metal 

(n=oo) 

0.16 

8 

294 

334 

377 

392 

360 

329 

279 

0.2 

10 

308 

350 

396 

414 

381 

348 

293 

0.25 

12.5 

321 

363 

412 

436 

402 

367 

305 

0.5 

25 

334 

417 

455 

512 

475 

435 

317 

0.75 

37.5 

435 

515 

540 

582 

562 

531 

413 

1 

50 

545 

635 

665 

714 

689 

658 

517 

2 

100 

674 

769 

805 

863 

828 

803 

640 

3 

150 

668 

768 

804 

862 

830 

800 

635 

4 

200 

672 

776 

812 

871 

840 

807 

638 

5 

250 

676 

779 

815 

874 

842 

810 

642 
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ASPECT  RATIO  (a/b) 


S  FGM  n0.5 


Figure  8:  Non-Dimensional  Shear  Stress  Under  Constant  Thermo  Mechanical  Load. 


3.2.4  Strain  (ex) 


Table  9:  Strain  (ex  xl03)Under  Constant  Thermo  Mechanical  Load 


a/b 

a/h 

Ceramic 

(n=0) 

P-FGM-n  0.5 

S-FGM-n  0.5 

P-FGM-n2 

S-FGM-n2 

E-FGM 

Metal 

(n=oo) 

0.16 

8 

1.36 

0.79 

1.01 

1.52 

1.38 

0.72 

1.31 

0.2 

10 

1.7 

1.02 

1.25 

1.81 

1.65 

0.87 

1.66 

0.25 

12.5 

2.21 

1.35 

1.62 

2.24 

2.06 

1.08 

2.18 

0.5 

25 

5.05 

3.2 

3.63 

4.57 

4.28 

1.35 

5.12 

0.75 

37.5 

6.52 

4.08 

4.58 

5.67 

5.31 

1.75 

6.66 

1 

50 

6.3 

3.83 

4.31 

5.33 

4.98 

3.96 

6.46 

2 

100 

3.95 

2.3 

2.64 

3.39 

3.14 

5.04 

4.05 

3 

150 

3.74 

2.16 

2.49 

3.23 

2.98 

4.77 

3.82 

4 

200 

3.71 

2.14 

2.47 

3.19 

2.95 

2.94 

3.79 

5 

250 

3.7 

2.12 

2.45 

3.17 

2.93 

2.78 

3.78 

3.2.5  Shear  Strain  (exy) 


Table  10:  Shear  Strain  (exyxl03)Under  Constant  Thermo  Mechanical  Load 


a/b 

a/h 

Ceramic 

(n=0) 

P-FGM-n  0.5 

S-FGM-n  0.5 

P-FGM-n2 

S-FGM-n2 

E-FGM 

Metal 

(n=oo) 

0.16 

8 

13.33 

10.19 

11.64 

14.52 

13.32 

12 

12.93 

0.2 

10 

14.09 

10.78 

12.3 

15.34 

14.09 

12.66 

13.66 

0.25 

12.5 

14.85 

11.37 

12.97 

16.15 

14.85 

13.29 

14.41 

0.5 

25 

17.66 

13.54 

15.34 

18.96 

17.56 

15.02 

17.23 

0.75 

37.5 

22.26 

16.72 

18.19 

21.58 

20.77 

15.69 

22.37 

1 

50 

27.95 

20.61 

22.39 

26.45 

25.46 

15.84 

28.22 

2 

100 

34.94 

24.95 

27.13 

31.97 

30.6 

14.95 

35.43 

3 

150 

34.47 

24.93 

27.1 

31.94 

30.7 

13.97 

34.94 
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4 

200 

34.62 

25.18 

27.37 

32.28 

31.05 

13.19 

35.07 

5 

250 

34.86 

25.27 

27.47 

32.38 

31.13 

12.57 

35.33 

Figure  10:  Shear  Strain  (exyxl03)  Under  Constant  Thermo  Mechanical  Load. 


4.  CON CLUSION S 


An  FGM  plate  made  of  ceramic  and  metal  has  been  studied  under  thermal  and  thermomechanical  environment.  Parametric 
study  has  been  performed  by  material  distribution  and  temperature.  The  following  conclusions  are  drawn: 

•  DeAection  for  FGM  plates  (i.e.  0<n<oc)  are  lesser  than  that  of  metal  plate.  Tensile  stress  is  least  for  ceramic  and 

metal  as  compared  to  various  FGMs.  The  tensile  stress  in  the  metal  rich  region  is  comparable  to  that  in  the 
ceramic  rich  region.  As  volume  fraction  index  increases  shear  stress  diverges  and  gives  clear  trends. 

•  P-FGM  (n=0.5)  plate  depicts  the  least  deAection,  strain  and  stress  among  all  FGMs.  The  reason  is  attributed  that  the 

stiffness  of  the  P-FGM  (n=0.5)  plate  is  higher  than  that  of  E-FGM  plate  and  stiffness  of  the  E-FGM  plate  is  higher 
than  that  of  P-FGM  (n=2). 

The  work  may  be  extended  to  study  FG  plates  more  complex  mechanisms  such  as  variable  mechanical  and  thermal  loading 
combinations. 
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